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Abstract
Objectives: The study aimed to estimate the incidence of SSI in clean orthopaedic surgeries, while identifies the
associated risk factors and prevalent infective microorganisms. Methods: This was a prospective, observational
study conducted in patients who underwent orthopaedic surgeries during the period between October-2019 to
March-2020. Adult patients admitted in the in-patient wards of Orthopedics and underwent (category 1) clean
wound type of orthopaedic surgeries (elective or emergency) were included in the study. Patients’ demographics
details, clinical history, characteristics of disease, surgery-related variables, pre/ post management, hospital stay
details and laboratory indexes were inquired and documented. We excluded other categories of surgical wounds
(category 2, 3 and 4). Results: In this study, incidence of SSI in clean wound orthopaedic surgeries was 6.84 %.
The male to female ratio was 1.8. In this study, SSI was associated significantly with age, comorbid condition,
and pre-op hair removal technique. The most common infective organisms identified on culture were Klebsiella
pneumonia and Methicillin-resistant Staphylococcus aureus. Conclusion: Incidence of SSI in clean orthopaedic
surgeries was high. Proper identification and optimization of modifiable risk factors needs to be done prior to
orthopaedic surgeries to reduce the risk of SSI.
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Introduction
Despite major advances in infection prevention strategies,
health care-associated infections (HAI) still remain a major
public health problem globally1,2. Surgical site infections
(SSIs) are infections of the incision, organ, or operative space
that occur after surgery and are a common type of HAI3.
Infections after orthopedic surgical procedures are
devastating complications which have significant clinical
and financial3. Studies have documented SSI in orthopaedic
setting ranging from 0.3% to 25%4-19, with incidence
approximately 4 times higher in low- and middle-income
countries than in high income countries1.
SSI involves a complex relationship among several factors:
microbial, patient, surgical, and environmental20-23. SSIs are
often associated with a high burden on patients and hospitals
in terms of morbidity, mortality, and additional costs24.
In India, studies have shown SSI rates ranging between
4% and 70% in different types of orthopedic wound (clean/
contaminated/infected) surgeries with association of several
independent risk factors14-19. However, there is a paucity
of data on SSI especially in clean orthopaedic surgical
www.jrpms.eu

procedures in India. Therefore, the study was aimed to
evaluate the incidence of SSI in clean orthopaedic surgical
procedures and explore its associated factors at a teaching
hospital.

Material and Method
This was a prospective, observational study conducted
in the department of Orthopedics from October-2019 to
March-2020 at tertiary care teaching hospital in NaviMumbai (India). All procedures followed were in accordance
with the ethical standards of the responsible committee on
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Characteristics
Total patients (n)

307 (100%)

Age in years
Age group
Gender
Smoker
Co-morbid condition (Diabetes)
American Society of Anesthesiologists (ASA)score
Surgery

Orthopaedic surgery

Value

Mean (± SD)

47.5± 14.4

< 60 years

254

≥ 60 years

53

Male

198

Female

109

Yes

53

No

254

Yes

71

No

236

1 or 2

293

>2

14

Elective

259

Emergency

48

ORIF with plating

97

CRIF with K-wiring

99

CRIF with IMIL nailing

49

CRIF with PFN A2

26

CRIF with long PFN

36

SD: Standard Deviation.
Table 1. The general characteristics of the participants.

human experimentation and with the Helsinki Declaration of
1975, as revised in 2013. This study was approved by the
Institutional Ethics Committee (IEC) (Approval reference no.
DYP/IECBH/2019/68) of the Hospital. Informed consent
was obtained from study participants.
The study included adult patients of either gender
admitted in the in-patient ward of Orthopedics and
underwent (category 1) clean orthopaedic surgical
procedures. Exclusion criteria were patients with open
reduction fracture, clean contaminated/contaminated/
dirty wound surgery, pathological/compound fracture,
fracture requiring external fixator, soft tissue surgery,
presence of skin infection at the site of incision
preoperatively and treated with antibiotic prophylaxis
other than the standard hospital antibiotic practice.
For each patient, the related sociodemographic,
comorbidities,
surgery-related
variables,
pre/post
management, hospital stay details and laboratory indexes
were recorded. As a standard practice prophylactic,
intravenous antibiotic combination of Cefoperazone (1000
mg) plus Sulbactam (500 mg) were given 1 hour prior to
surgery.
Based on the inclusion criteria, patients were included
after taking informed consent during the postoperative
period. Patients were observed for post-operative wound
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infection in hospital for 30-day period. If discharged before
30 days, surveillance was made by reviewing in outpatient
clinic during follow-up period. They were also contacted
by telephonically for symptoms of wound infection (pain,
swelling, redness, increased temperature), and, if a surgical
site infection (SSI) was suspected, they were asked to return
to hospital outpatient clinic for examination and to confirm
the diagnosis. The diagnosis of surgical site infection was
based on clinical observations and microbiology reports.
Statistical Package for the Social Sciences (IBM SPSS,
Windows) software version 20 was used for statistical
analysis. Descriptive analysis was done by using frequencies,
percentages and means where appropriate. Chi-Square was
used for categorical variables. A measure of association
between SSI and risk factors were calculated with the
Pearson chi-square test. P values <0.05 was considered
statistically significant.

Results
Out of 307 patients, 198 (64.5 %) were male and 109
(35.5%) were female. The male to female ratio was 1.8. The
mean age of the participants was 47.5±14.4 years. The
general characteristics of the participants are summarized
in Table 1.
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Parameters
Age group
Gender
Smoker
Co-morbid condition (Diabetes)
American Society of Anesthesiologists
(ASA)score
Days hospitalized preoperatively
Pre-operative hair removal technique
Length of hospital stay
Blood transfusion

Orthopaedic surgery

SSI

Non- SSI

< 60 years

13

241

≥ 60 years

8

45

Male

15

183

Female

6

103

Yes

6

47

No

15

239

Yes

9

62

No

12

224

1 or 2

19

274

>2

2

12

≤3 days

7

190

>3 days

14

96

Shave

17

132

Trim

4

154

≤15 days

9

137

>15 days

12

149

Yes

5

41

No

16

245

ORIF with plating

7

90

CRIF with K-wiring

4

95

CRIF with IMIL nailing

4

45

CRIF with PFN A2

3

23

CRIF with long PFN

3

33

P value
0.008
0.491
0.155
0.026
0.258
0.002
0.002
.655
0.240

0.662

SSI: Surgical site infection.
Table 2. Associated risk factors with SSI.

Incidence of SSI

Discussion

In this study, twenty-one patients developed surgical
site infections. The overall incidence of SSI in clean wound
orthopaedic surgeries was 6.8%.

The findings of this study documented a significant burden
of SSI in clean wound type of orthopaedic surgeries. The
incidence rate of SSI found in the present study was 6.84%
which is higher than accepted standard (less than 1%).
Studies from developed and under developed countries
have documented SSI in orthopaedic setting ranging from
0.3% to 25%. Whereas, Indian studies have shown SSI
rates ranging between 4% and 70%. However, for clean
orthopedic surgical procedures, previous studies have
documented SSI rates ranging between 1% and 18%.
The incidence rate of SSI (6.84%) in clean orthopedic
surgical procedures in this study was lower than previous
studies conducted by Ikeanyi et al (9.9%)7, Maksimović et al
(13.5%)10, Jain et al (18.57%)18, Jagiasi et al (12.27%)19
and Ngim et al (9.38%)12, but the incidence rate was higher
than studies conducted by Mardanpour et al (2.3%)8 and
Ercole et al (1.4%)5. The variation in incidence rate of SSI in
literature studies may be related to inclusion criteria, type of

Risk factors associated with SSI
In this study, SSI was associated significantly
(p<0.05) with age, comorbid condition, days hospitalized
preoperatively and pre-op hair removal technique (Table 2).
There was no statistically significant association between
gender, smoker, type of surgery, Orthopaedic surgery, ASA
grade, blood transfusion and length of stay (p>0.05).

Infective organisms identified
In this study, the most common infective organisms
identified on culture were Klebsiella (n=8) pneumonia
Methicillin-resistant Staphylococcus aureus (n=7),
Pseudomonas aeuginosa (n=4) and Coagulase-negative
staphylococci (n=2).
3

JRPMS

R.M. Sane, P.D. Samant

surgical wound, infection control policy and factors that vary
among regions that may have an impact on the occurrence
of SSI.
There are several known risk factors that play a role in
the development of SSIs in orthopedic surgery21-23. The
independent risk factors for development of SSI identified
in the study were age, comorbid condition (Diabetes), days
hospitalized preoperatively and pre-operative hair removal
technique.
Studies have associated increasing age as risk for SSI4,5,8.
In this study, SSI was more common in above 60 years of age
which was similar to Amaradeep et al14, Kimmatkar et al16,
and Jain et al18 studies. Increasing age may be associated
due to geriatric related factors such as low immunity,
metabolic changes, multiple co-morbid conditions and poor
wound healing rates.
Several comorbid conditions including diabetes have been
associated as independent risk factor for the development
of SSI22. Delayed wound healing and neutrophil dysfunction
may be the cause of increasing SSI among diabetics22. In
this study, we found that SSI was significantly associated in
patients having comorbid condition (diabetes), which was in
line with previous studies9,10,14,16.
Study conducted by Maksimović et al, have documented
that preoperatively shaving with razor for hair removal was
significantly associated with SSI10. This study also confirms
the fact that shaving can increase the risk for SSI, as
shaving causes micro abrasions of the skin leading to risk
of infections. Even CDC guidelines on prevention of SSI have
placed preference for preoperatively clipping of hair25.
With regard to clean orthopedic surgeries, Ikeanyi et al
reported prolonged duration of preoperative hospital stay,
increasing age greater than 60 years use of implants and
drains as independent risk factors for SSIs7. In our study, we
also documented that increased pre-operative hospitalization
was significantly associated with SSI. The reason could be
that increased pre-operative stay exposes/risk the individual
to skin colonization of bacteria for hospital acquired
infections. However, study conducted by Ngim et al did not
find a statistically significant relationship between type of
prophylactic antibiotic, the time of administration used, rank
of the operating surgeon, human immunodeficiency virus
status and co-morbid conditions such as diabetes mellitus
with the incidence of SSIs12.
In this study, we have found that the most common
infective organisms responsible for SSI were Klebsiella
pneumonia and Methicillin-resistant Staphylococcus aureus.
Studies have most commonly reported Staphylococcus
aureus as the cause of SSI10,16-19.
Identification of causative organism has important
implications antimicrobial management (prophylaxis and the
treatment) of SSI as well for development of antimicrobial
policy in orthopaedic surgery.
Overall, the increasing rates of SSIs in orthopedic
surgeries emphasize the need for implementing strategies
4

to minimize the chance of SSIs. Also, identification and
understanding the risk factors for SSIs and their interplay is
critical to the formulation of infection prevention strategies.
This study had some limitations. Study duration was
6 months and thus may not have account for seasonal
variations. Data on some known risk factors were not
collected. In addition, post discharge follow up for SSI was
suspected through information provided by the patient, may
have led to under-estimations.

Conclusion
The incidence rate of SSI following clean orthopaedic
surgical procedures was high and standard infection control
protocols and strategies are needed to control. Proper
identification and optimization of modifiable risk factors
needs to be done prior to orthopaedic surgeries to reduce
the risk of SSI.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

World Health Organization. Report on the burden of endemic health
care associated infection worldwide: clean care is safer care. Geneva
[Switzerland]: WHO Document Production Services; 2011.
Pittet D, Allegranzi B, Storr J, Bagheri Nejad S, Dziekan G, Leotsakos
A, et al. Infection control as a major World Health Organization priority
for developing countries. J Hosp Infect 2008;68:285-92.
Keely Boyle K, Rachala S, Nodzo SR. Centers for Disease Control and
Prevention 2017 Guidelines for Prevention of Surgical Site Infections:
Review and Relevant Recommendations. Curr Rev Musculoskelet
Med 2018;11(3):357-369.
Brophy RH, Bansal A, Rogalski BL, et al. Risk Factors for Surgical
Site Infections After Orthopaedic Surgery in the Ambulatory Surgical
Center Setting. J Am Acad Orthop Surg 2019;27(20):e928-e934.
Ercole FF, Franco LM, Macieira TG, Wenceslau LC, de Resende HI,
Chianca TC. Risk of surgical site infection in patients undergoing
orthopedic surgery. Rev Lat Am Enfermagem 2011;19(6):13621368.
Al-Mulhim FA, Baragbah MA, Sadat-Ali M, Alomran AS, Azam MQ.
Prevalence of surgical site infection in orthopedic surgery: a 5-year
analysis. Int Surg 2014;99(3):264-268.
Ikeanyi U, Chukwuka C N, Chukwuanukwu T. Risk factors for surgical
site infections following clean orthopaedic operations. Niger J Clin
Pract 2013;16:443-7.
Mardanpour K, Rahbar M, Mardanpour S, Mardanpour N. Surgical
site infections in orthopedic surgery: incidence and risk factors
at an Iranian teaching hospital. Clin Trials Orthop Disord 2017;
2(4):132-137.
Liang Z, Rong K, Gu W, et al. Surgical site infection following elective
orthopaedic surgeries in geriatric patients: Incidence and associated
risk factors. Int Wound J 2019;16(3):773-780.
Maksimović J, Marković-Denić L, Bumbasirević M, Marinković J,
Vlajinac H. Surgical site infections in orthopedic patients: prospective
cohort study. Croat Med J 2008;49(1):58-65.
Dhillon KS, Kok CS. The incidence of post-operative wound infection in
orthopaedic surgery. Med J Malaysia. 1995;50(3):237-240.
Ngim NE, Etokidem AJ, ikpeme IA, Udosen AM. Surgical site infection
in clean orthopaedic operations: experience from the third world.
Asian J Med Cli Sci 2013;2(1):30-32.
Kisibo A, Ndume VA, Semiono A, Mika E, Sariah A, Protas J et al.

JRPMS

Incidence of SSIs and associated risk factors in orthopaedic surgeries

14.

15.

16.

17.

18.

19.

5

Surgical site infection among patients undergone orthopaedic
surgery at Muhimbili Orthopaedic Institute, Dar es Salaam, Tanzania.
East and Central African Journal of Surgery 2017;22(1):49-57.
Amaradeep G, ShivaPrakah SS, Manjappa CN. Surgical site infections
in orthopedic implant surgery and its risk factors: A prospective study
in teaching hospital. International Journal of Orthopaedics Sciences
2017;3(3):169-172.
Pathak A, Saliba EA, Sharma S, Mahadik VK, Shah H, Lundborg
CS. Incidence and factors associated with surgical site infections
in a teaching hospital in Ujjain, India. Am J Infect Control
2014;42(1):e11-5.
Kimmatkar N, Hrmnani JT. Incidence of Surgical site infections in IPD
Orthopedics patients undergoing implant surgery. A Hospital Based
Study. Int Arch BioMed Clin Res 2017;3(4):135-138.
Thahir M, Gandhi S, Kanniyan K, Kumar R. A prospective study of
surgical site infection of orthopedic implant surgeries. Int J Res
Orthop 2018;4:1-7.
Jain BK, Banerjee M. Surgical site infections and its risk factors in
orthopaedics: a prospective study in teaching hospital of central India.
Int J Res Med 2013;2(1);110-113.
Jagiasi JD, Saify A, Chandra P, Yeotiwad G, Yadav A. Prevalence of

20.
21.

22.

23.

24.

25.

surgical site infections in clean orthopedic practice with implants. Int J
Med Res Prof 2017;3(4);184-88.
Cheadle WG. Risk factors for surgical site infection. Surg Infect
(Larchmt) 2006;7(Suppl 1):S7-11.
Uçkay I, Hoffmeyer P, Lew D, Pittet D. Prevention of surgical site
infections in orthopaedic surgery and bone trauma: state-of-the-art
update. J Hosp Infect 2013;84(1):5-12.
Borthakur B, Kumar S, Talukdar M, Bidyananda A. Surgical site
infection in orthopaedics. International Journal of Orthopaedics
Sciences 2016;2(3):113-117.
Uçkay I, Hoffmeyer P, Lew D, Pittet D. Prevention of surgical site
infections in orthopaedic surgery and bone trauma: state-of-the-art
update. J Hosp Infect 2013;84(1):5-12.
Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ, Sexton
DJ. The impact of surgical-site infections following orthopedic
surgery at a community hospital and a university hospital: adverse
quality of life, excess length of stay, and extra cost. Infect Control
Hosp Epidemiol 2002;23:183e189.
Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline
for Prevention of Surgical Site Infection, 1999. Centers for Disease
Control and Prevention (CDC) Hospital Infection Control Practices
Advisory Committee. Am J Infect Control 1999;27(2):97-96.

JRPMS

